The present study focuses on the optimization of the parameters to extract phenolic products by decoction and the quantification of these compounds from grape pomace, using a central experimental design. The antioxidant activity of methanolic extracts from grape skin grown in Morocco was evaluated. The grapes variety is "Michael Paleiri", it is a black variety with pips, and they are from the region of Benslimane. The total phenolic compounds contents were determined by the Folin-Ciocalteu method. The optimization suggested that extraction with methanol for 29 min, at 60 °C were the best solutions for this combination of variables.
Introduction
There is growing interest in the use of residues generated by the wine and grape industries. In recent years, grape pomace is used as soil conditioner and fertilizer, as an adsorbent for heavy metals. Moreover, it is used in the food industry and the production of pullulan 1 . The skins of grapes are the only industrial source for tartaric acid production which is used as an additive in medicines and cosmetics, as acidulant and compound in soft drinks 2 . In particular, waste from vineyards could be an alternative source for obtaining natural antioxidants without any negative effects in comparison to synthetic antioxidants. Grape pomace represents a rich source in bioactive molecules with the high added value that can be applied in many industries 3 . Moreover, it is characterized by high levels of a total phenolic compound and total flavoinds 4, 5 . For this reason, large quantities of phenolic compounds remain in the by-products of wine and grape juice, and there is a great interest in exploiting this type of grape by-products to obtain potentially bioactive phenolic compounds 5, 8 .
Antioxidants are potent free radical scavengers and serve as inhibitors of neoplastic processes 9 and allow the body to fight against aggressions of oxygen which are at the origin of a large number of diseases, which is attracting more and more interest in the prevention and treatment of cancer 10 . Furthermore, antioxidants have anti-inflammatory activity 11, 12 , cardiovascular 13, 15 , neurodegenerative-protective activities 16 antineoplastic and antihepatotoxic 17 . Various antioxidants are provided to cells through diet; vitamin E wich is present in grape seeds can prevent lipid peroxidation of plasma membrane 18 . Several methods are used for the extraction of polyphenolic compounds (TPC). According to Soural et al. (2015) 19 , extraction of TPC from grape can give different stilbene yields according to the process employed using several organic solvents. The best yields are obtained by decoction with methanol; other innovative processes have been carried out, such as fluidized bed extraction or reflux extraction, which give similar yields of the decoction, but new techniques such as accelerated solvent extraction or assisted extraction by microwave give higher yields of phenolic compounds.
However, there is no single solvent or method optimal to extract all TPC from grape pomace, TPC obtained by maceration in red pomace extract was higher than TPC in white pomace extract 20 .
Our study aims to optimize the phenolic compounds extraction parameters by decoction from the table grape skins used in the manufacture of juices as well as to assess their content of essential bioactive compounds, hence their antioxidant power. The extraction is carried out in the presence of methanol, and extracts are analysed in order to quantify their concentration of total phenolic compounds (TPC) as well as their antioxidant and antiradical properties.
Material and Methods

Plant material
The black grapes of"MichealPaleiri" variety are harvested in the region of Benslimane in Morocco in September 2016. The berry skins are separated manually from the pulp and then dried at 40°C for 48 hours and then ground and screened (particle size < 350 µm). The obtained powder is homogenised, sifted and stored at 5°C in the dark until use. The humidity content of the powder was 13%.
Extraction
To establish an optimal method for the quantitative extraction of polyphenols from grape skin, we used a central composite design.
In a bottle, 20 mL of solvent is added to 2 g of grape skin powder; the whole is brought to a temperature between 26°C and 66°C in a water bath for a period ranging from 3 min to 182 min. The extracts are then filtred with a paper filter and washed with 5 mL of the same solvent and then transferred to new tubes and stored at 5°C until use (Figure 1 ).
Figure 1. General study protocol
Total Phenolic Compounds
The total polyphenols (TPC) in the grape skin extracts are determined using the spectrophotometric method of Folin-Ciocalteu according to the literature 21, 22 , using gallic acid as a standard. 10 μL of extract or one of the concentrations of the standard range are added to 1.58 mL of distilled water, and then 100 μL of the Folin-Ciocalteu reagent are finally added. The obtained mixture is left for 5 min at room temperature, and then 300 μL of the Na2CO3 solution are added. The whole is incubated in the dark and at room temperature for two hours. The absorbance is read at 765 nm. The same procedure is repeated for all standard gallic acid solutions (40-1000 mg/L), and a standard curve is obtained. TPC in grape skin extracts was expressed as milligram of Gallic Acid equivalent (GAE) per gram of the dry extract averaged from tree parallel measurements.
Measurement of the scavenging power of the DPPH radical
The 2,2-diphenyl-1-picrylhydrazyl (α, α-diphenyl picrylhydrazyl) (DPPH) was one of the first free radicals used to study the antioxidant structureactivity relationship of phenolic compounds 23, 24 . The antioxidant activity of the extract is evaluated regarding the capability of scavenging free radicals of DPPHformed, according to a method described by Lue et al. (2010) 25 . 10 μL of the extract is added to 5 mL of the DPPH solution at 0.4 g/L, the whole is incubated for 30 min in the dark, and at room temperature, the absorbance is measured at 517 nm. A blank is prepared by mixing 10 μL of methanol with 5 mL of the DPPH solution. The DPPH radical is diluted in methanol at a concentration of 0.04 g/L and kept away from light before use. Reduction of the free radical DPPH by an antioxidant is monitored by UV-Vis spectrophotometer, measuring the absorbance decrease at 517 nm caused by the antioxidants. In the presence of the free radical scavengers, the DPPH with violet color is reduced to DPPH with yellow color 26 . BHT is used as positive control. The scavenging activity was calculated as follows:
I% = ((A Control -A sample)/ A Control) *100
Where A Control is the absorbance of blank and A Sample is the absorbance of test extract or positive control. Tests were carried in triplicate.
Ferric Reducing Antioxidant Power
The ferric reducing antioxidant power(FRAP) is determined according to the method previously described by Oyaizu (1986) 27 . The reduction of Fe 3+ to Fe 2+ is determined by measuring the absorbance of the Prussian blue complex of Perl. 1 mL of the methanolic extracts are mixed with 2.5 mL of phosphate buffer (0.2 M, pH = 6.6) and 2.5 mL of 1% potassium ferricyanide [K3Fe(CN)6]. The mixture is incubated at 50 °C for 20 min. Then an aliquot of 2.5 mL of 10% trichloroacetic acid is added to the mixture, which is then centrifuged at 3000 rpm for 30 min. 2.5 mL of supernatant is mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% FeCl3. The absorbance is measured at 700 nm against a blank containing the same reagents by replacing the extract with distilled water. A greater absorbance of the reaction mixture indicates an increased reduction power 28, 29 . Ascorbic acid is used as positive control. Tests were carried in triplicate.
Experimental design and statistical analysis
Optimizing parameters of phenolic compounds extraction from grape pomace is attained by using the response surface methodology (RSM). RSM is a collection of mathematical and statistical techniques useful for developing, improving and optimizing the process and it can be used to evaluate the relative significance of several affecting factors even in the presence of complex interactions. The objective of RSM is to determine the optimum operational conditions and to determine the field that satisfies the operating specifications. The application of this methodology in the extraction of bioactive molecules can determine the optimum for tree responses, total phenolic compounds yield, antioxidant activity by the radical scavenging method (DPPH) and the ferric iron reduction capacity (FRAP).
The experimental data of the TPC, DPPH and FRAP assays were expressed by the mean and standard deviation. To evaluate statistical results, ANOVA and Fisher Test were used. p ≤0.05 values are considered statistically significant.
Results and Discussion
We used response surface methodology to optimize extraction parameters of bioactive molecules in the grape skin extracts. In order to carry out our experiments, we adopted a central composite design with two parameters, the heating temperature in °C and the time in min of the decoction (Table 1) . Thirteen experiments with five central points for replications and eight points representing the possible combinations between the two parameters levels are obtained (Table 2) . To study the parameters of the responses, total phenolic compounds (TPC), antioxidant power (Scavenging power of the DPPH) and the antiradical power (FRAP), we used Statgraphics Centurion Software; (version1.6).
These calculations allow us to process results by analysing the variance, estimating direct effects, interactions and quadratic effects of extraction parameters. The objective is to determine the optimum parameters to obtain an extract with the best yield of bioactive molecules and greater antioxidant power. The responses (Y) are related to the independent variables coded Xi and Xj according to the second order polynomial expressed in equation (1), with β0 the intercept coefficient, βi the linear terms, βii the quadratic terms, βij the interaction terms. The Fisher test for the analysis of variance (ANOVA) is carried out on experimental data, which makes it possible to estimate the statistical significance of the proposed models.
For the determination of the total polyphenols, the UV-Vis spectrophotometer made it possible to quantify the level of polyphenols present in methanolic extracts of grape skins, by Folin-Ciocalteu method. Calibration curve is established using different concentrations of Gallic Acid from a stock solution of 1 g/L. It made it possible to estimate the content of phenolic compounds in extracts, via linear equation y = 0.00075x of gallic acid calibration curve (Figure 2 ).
The complete design matrix, as well as the experimental values, total phenolic compounds,the DPPH scavenging activity and FRAP, are given in Table 3 .
Regression analysis is carried out to establish mathematical models with experimental data aiming at an optimal region for the studied responses. The predicted models can be described in Table 4 regarding coded values.
The significance of each coefficient is determined using the Fisher test (F-ratio) and Probability (Pvalue) in Table 4 , which displays the System Variance Analysis (ANOVA). The corresponding variables would be larger if the absolute F-value became larger and the P-value became smaller (Table 4) . Moreover, ANOVA indicates that the second-order polynomial model (equations (2), (3) and (4) ) is very significant and adequate to represent the actual relationship between response and variables, with very small values of P-value and a high coefficient of determination R 2 .
Yield of TPC: 7865 NS *** : significant to probability α = 0.1% (Ftheorical (1,7)=29.25) ** : significant to probability α = 1% (Ftheorical (1,7)=12.25) *** : significant to probability α = 5% (Ftehorical (1,7)=5.59) NS : not significant With F(ν1, ν2) is the function of Fisher at ν1 and ν2 degrees of freedom for a probability α.
According to the Pareto diagrams (Figure 3 ), temperature and extraction time influence together very significantly the TPC yield, as well as their antioxidant power by testing the free radical DPPH°, and reducingFRAP iron.
The three-dimensional profiles of multiple nonlinear regression models (Figure 4 ) are used to illustrate the linear and quadratic effects of the two key variables as well as the interaction effects between temperature and extraction time on the extraction yield of total phenolic compounds, the per cent inhibition of DPPH and FRAP obtained from the table grape skins.
The most influential effects on TPC yield are the linear terms of temperature (X1) and extraction time (X2). Figure 4 clearly shows that the TPC yield increases linearly as the temperature and extraction time increase. This increase is also underlined by Lazar (2016) , solubility and diffusivity of TPC increase at high extraction temperature improving the mass transfer. However, high temperature (>60°C) can cause thermal degradation 30 . According to Gambuti (2009) 31 , TPC yield of grape skins extracts was influenced by contact time and solvent, the maximum yield of (+ )-catechine, (-)-epicatechin and flavan-3-ols, was reached at 24 hours of extraction time. However, caffeic acid reached its maximum yield at the fourth day of extraction, but gallic acid yield increase during extraction time which is due to co-pigmentation phenomena and to nonenzymatic autoxidation of vicinal dihydroxyphenols. High temperature favors the extraction process by improving the solubility of phenolic compounds, and the mass transfer rate and weakening plant tissue 32, 33 . The interaction between the temperature and the extraction time is also visible in figure 5when the temperature rises from its low level (32 °C) to its high level (60 °C), a small variation in total phenolic compounds, from 710 mg EAG / g MS to 890 mg EAG / g MS, is observed for one extraction time set at 29 min. Conversely, a strong evolution is observed, from 790 mg EAG / g MS to 1040 mg EAG / g MS for an extraction time set at 155 min. For the inhibitory power of the DPPH radical, it is found that when the temperature is set at 32 °C and the duration increases from 29 min to 155 min, the inhibition percentage inhibition increases from 11.5% to 15%. On the other hand, a decrease of 18.5% to 17.5% is observed by fixing the temperature at 60 °C and increasing the duration from 29 min to 155 min ( Figure 5 ).
The 3D response surface ( Figure 4 ) and the 2D contour diagram ( Figure 5 ) are usually the graphical representations of the regression equation. This representation shows the relative effects of the variable when the remaining variable is held constant.
They are used to find the optimal values of the process parameters (Table 5 ). There is a correlation between TPC yield, and antioxidant activity of extract suggests that phenolic compounds are responsible for the antioxidant activity of these extracts. Indeed this demonstrated in several previous woks 34, 38 .
The antioxidant activity of methanolic extracts measured by the free radical DPPH is compared to a synthetic antioxidant BHT. The percentage inhibition of the free radical by the BHT at a concentration of 0.001 g/L is 15%, compared to 21% for the methanolic extract obtained at 60 °C and 29 min. This means that methanolic extracts have antioxidant activity comparable to that of a synthetic antioxidant BHT, and this is demonstrated in several previous works 39 . Reducing the power of methanolic extracts was between 2.575 and 2.785(for the methanolic extract obtained at 26 °C and 92 min, and 60 °C and 155 min respectively). Reducing the power of ascorbic acid at a concentration of 0.8 g/L was 2.67, compared to 2.745 for the methanolic extract obtained at 60 °C and 29 min. 
Conclusion
The objective of our study is to evaluate the availability of polyphenolic compounds in the methanolic extracts of the skin of table grapes grown in Morocco and their antioxidant power. It was found that the extract obtained at 60 °C for 29 min had the highest antioxidant capacities (21%) and 905.15 mg EAG / g MS of the total polyphenols. However, the extract obtained at 60 °C for 155 min had a TPC yield of 1042.05 mg EAG / g MS and an antioxidant capacity of 16.96%. This may be due to the thermal degradation of TPCs. A significant relationship between antioxidant activities and total phenolic content is found, indicating that phenolic compounds are responsible for the antioxidant capabilities of these extracts. By these results, we can conclude that the extracts of the grape skins represent an interesting source of phenolic compounds with antioxidant properties which would interest the pharmaceutical and food industries.
